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DIGEST 


The  purpose  of  this  investigation  was  to  study  metal  ion  complexa- 
tion  of  mMei  imidee.  This  was  accomplished  by  obaerving  tiie  effect  of  metal 
ion  compiexation  on  the  carbonyl  stretching  frequencies  of  two  imidesi 
N-cyclohex/i-N -formylacetamide  and  3,  5-dioxopyrrolizidine.  Two  metal 
complexes  were  isolated.  (CnG^^N-cyclohoxyl-N-formylacetamide);)  and 

Co(3,  5-dioxopyrrolizidine)2(C  lOij.)^ . 

It  is  concluded  or  the  basis  of  analyzing  the  infrared  absorption 
data  that  when  an  imide  is  fixed  in  a  conformation  represented  by  the  one  for 
3,  5-dioxopyrrolizidine  then  chelate  formation  takes  place  readily.  However 
when  free  rotation  around  the  imide  C-N  bonds  is  possible  then  metal  com- 
plexation  takes  place  only  at  one  carbonyl  and  then  at  the  oxygen  with  the 
highest  electron  density. 


3 


1  ■*»■* "  «'  iiUMIIIU  UilrMMMUMk! 


CONTENTS 


Pa^c 

I.  INTRODUCTION  ,  . .  ? 

lb  EXPERIMENTATION .  8 

A,  Preparation  of  Compound*  . . .  .  8 

R.  Infrared  Spectra . 9 

III.  DISCUSSION . 9 

IV.  CONCLUSIONS  . . .  .  11 

LITERATURE  CITED . 15 


DISTRIBUTION  LIST . . . 17 


METAL  ION  COMPLEXATION  OF  MODEL  IMIDES 
1 .  INTRODUCTION. 

Because  of  current,  interest  by  the  Detection  Research  Branch  in 
the  nature  of  intermediates  found  in  metal  ion  catalyzed  reactions  of  amides 
with  electrophiles,  wo  undertook  a  study  of  the  metal  ion  compiexation  of 
imides.  Imides  are  formed  as  a  result  of  allowing  formamiden  to  re»cl  with 
acylating  agents. 

The  effect  of  metal  ion  compiexation  on  the  infrared  absorption 
spectra  of  amides  has  been  thoroughly  investigated.  1*4  The  spectra  of  metal 
ion-imide  complexes  have  also  been  recently  examined  ^ ^  These  studies 
all  involved  acyclic  symmetrical  imides  (e.  g.  ,  diacetamides),  and  we  do  not 
believe  that  such  studies  have  been  reported  using  acyclic  unsymmetrical 
or  cyclic  imides.  The  interesting  feature  is  that  several  metal  complexes  are 
possible  since  four  configurations  (A-D)  can  usua’ly  be  written.  The  only 
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g  j» 

“^hK^R' 
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5  f 
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T  5  S 

c^o  o^cNn^Cn‘R' 
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A 


B 
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conformation  which  is  capable  of  chelate  formation  with  a  metal  ion  is  (A). 
The  other  conformations  should  coordinate  at  only  one  of  the  oxygens,  (The 
nitrogen  atom  is  also  capable  of  complexing.  but  this  does  not  occur  for 
first-row  Iransition  metals.)  The  previous  studies  have  shown  that  imides 
can  act  as  both  mono-  and  bidentate  ligands,  with  coordination  to  the  metal 
via  oxygen.  In  the  majority  of  cases,  the  imide  was  bidentate,  compiexation 
apparently  stabilizing  the  conformation  A.  In  the  cases  where  the  imide  was 
monodentnfe,  both  oxygens  were  usually  coordinated  but  to  different  metal 
atoms.  We  chose  to  examine  the  effect  of  metal  ion  compiexation  on  the 
carbonyl  stretching  frequency  of  two  imides,  N-cyclohexyl-N-formylacet- 
amide  (I)  and  3,  5-dioxopyr rolizidine  (II).  Compound  II  haB  configuration  A, 

/~™\  ^CHO 

A  >-N.  V'  Yf 

^COCMj  (|)  q 

I 

while  ([)  may  possess  any  or  all  of  the  forms  shown. 


II 


11. 


EXPER1MEN  TATION. 


A .  Preparation  of  Compounds . 

1 .  N-Aikyl-N-formylacetamides . 

These  compounds  were  prepared  by  Hoy  and  Pofcipmek.  ^  * 
i ,  3,  S»Dioxopvrroliz>din a . 

A  sample  of  this  compound  wae  obtained  through  the  courtesy  of 
Dr,  Arnold  J.  Gordon,  Catholic  University  of  America,  The  particular 
sample  was  prepared  by  Michael  and  Flitech.  ^ 

3,  (CuC  l  ^ )  j(N-Cyclohexyl-N-formylacotamide)2, 


CuC  lj>- ZI-I^Q  {1,7  grams)  was  dehydrated  by  stirring  for  1  hour 
with  10  ml  of  ethyl  orthoformate ,  The  salt  did  not  dissolve  but  formed  an 
olive  green  slurry.  Upon  addition  of  7  ml  of  N -cyclohexyl -N-formylocet- 
amido,  the  slurry  began  to  form  a  mustard  colored  polycrystalline  solid. 
After  stirring  for  1  hour  to  insure  complete  reaction,  the  solid  was  filtered 
off.  washed  well  with  ether,  and  dried  in  a  vacuum  desiccator  over  PyjQpo, 
nap  192®  to  193°  decomposes. 

Anal.  Calcd,  for  Cu3C16C18H30N2O4:  Cu,  25.6;  Cl,  28.8; 

C,  29.2;  H,  4.  CUN,  3.8,  Found;  Cu,  25.  3;  Cl,  28.7;  C,  28,  3;  H,  4,1; 

N.  4,0. 


4.  Co(  3,  5-Dloxopyrrolizidine)a(C104);>i»  HzO. 

Co(C104)2‘  6H£C>  (0,  05  gram)  was  dehydrated  by  stirring  with 
6  ml  of  ethyl  orthoformato  and  0,85  gram  of  3,  S-dioxopyrrolliaUUn©  was  then 
added.  Stirring  was  allowed  to  continue  for  1  hour.  The  tight  pink  solid 
obtained waefiltered  off,  washed  with  a  small  amount  of  ethanol,  then  with 
ether,  and  dried  in  a  vacuum  desiccator  over  P^jOjo'  mp  272®  to  276®  decom¬ 
poses  . 

Anal.  Calcd.  for  CoCl^C j 3;  Co,  10.6;  Cl  12.8; 

C,  30.  3;  H,  3.  6;  N,  5.1.  Found;  Go,  10.  6;  Cl,  12.4;  C,  31.0:  H,  3.8, 


mi 


B  .  I  til  rn  red  Spcct  rn  ■ 

A  Perkin -Elmer  model  52$  grating  spectrophotometer  was 
employed  to  record  the  infrared  spectra.  The  samples  were  prepared  as  neat 
liquids  or  Nujol  mulls  held  between  KRS-5  (Tll/Br)  plates.  The  carbonyl 
stretching  region  .was  calibrated  with  polystyrene.  The  data  are  given  in 
the  table.  Results  for  some  N-alkyl  amides  are  also  included  for  purposes 
of  comparison. 

Table.  Infrared  Absorption  Data 


Compound 


n-Butylformamidofe/ 

Sec  -butylfo rmamideW 
C  y  c  lohe  xy  If  o  r  mn  mid  c 
N -(n-butyl)acetamidetL/ 

N  -(n  -  butyl )  -N  -fo  rmylacetamideW 
N -{sec  -  butyl)  -  N  -formvlacetamideW 
N  -  cyclohexyl  -  N  -formylacetamidebV 
(CuCl^)  3<N-  cyclohexyl -N-formylacetamide)^^ 

1  fi  !A  ™  »  i  j  r  ..  _  i*  / 

-/*  j-uiUAuuy  i  t  uti^iuiiiu  tu 

Co{  1,  5  -  dioxopy  r  rolizidino  )^(  C  1 0<j  •  I-^Oi/ 


a J  Errors  are  ca  ±3  cm'l 
w  Neat  liquid. 
q./  Mull, 

II.  DISCUSSION. 


The  carbonyl  stretching  frequencies  of  N-substituted  amides 
(III)  are  not  appreciably  affected  by  changes  in  R,  when  R  is  alkyl.  This 


1 720,  lb?0 
1730,  1 6B7 
1720,  1672 
1741,  1618 


I  <  f  IJ  ,  !  Ottb 


1733,  1642 


ff 

tl- 


K:r 


Rd4f*v.' 
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also  holds  true  for  imides  of  the  N-alkyl-N-formylacetamide  type  (IV), 


8  8 

H-C-N-C— OH, 

I  3 

R 

IV 

However,  the  carbonyl  frequency  is  influenced  by  whether  R'  is  I-I  or  alkyl. 

For  example,  y  C-O  occurs  at  1670  cm"*  for  n-butylformamide  (R'=I-I)  and 
1645  cm_1  for  N-(n-butvl)acetamide  (R’=CH3)  (table).  Both  carbonyl  stretching 
sands  observed  in  spectra  of  N-alkyl-N-formylacetamides  appear  at  higher 
frequencies  than  in  either  alkylformamides  or  acetamides.  This  is  because 
the  pair  of  electrons  from  nitrogen  are  delocalized  over  two  carbonyl  groups 
(structures  V  and  VJ)  in  comparison  to  one  (structure  VII)  in  the  alkyl  amide. 


H  O 

I  II 

R-N-C-R' 


III 


r  + a 


o  o- 

+  H  |l  +  I 

H-CnN-C-CHj  H--C-N-C-CH3 


H  O- 

I  I 

R-NasC-R 

+ 


V 


VI 


VII 


Of  the  pair  of  carbonyl  absorption  bands  found  for  N-alkyl-N- 
formylacetamides,  the  higher  frequency  one  is  assigned  to  the  formyl  carbonyl. 
The  distinction  between  formyl  and  acetyl  is  very  evident  by  comparing 
N-(n-bufcyl)-N-formylacetamide  with  n-butylformamid0  and  N-(n-butyl)acetamide 
(table).  The  acetyl  carbonyl  absorbs  at  lower  frequencies  because  of  the 
inductive  and  hype r con jugative  effects  from  the  methyl  group.  The  carbonyl 
absorption  of  3,  5-dioxopyrrolizidine  is  at  higher  frequency  than  in  the  N-alkyl- 
N-formylacetamides  because  of  ring  strain.*  It  may  be  noted  that  while  both 
carbonyl  groups  are  stereochemically  equivalent  in  3,  5-dioxopyrrolizidine, 
there  are  two  carbonyl  bands.  This  is  due  to  the  strong  coupling  of  the  two 
carbonyl  vibrational  mode,, 


*  It  is  known  that  lactam  carbonyl  absorption  is  normal  in  unstrained 
rings  of  six  carbon  atoms,  but  shifts  toward  higher  frequencies  in 
smaller  rings  because  of  ring  strain.  -  3 


1 0 


For  the  ( CuC^) ^(N- cyclohexyl-N-formylacetamide)^  complex,* 
the  spectrum  (figure  1)  shows  clearly  that  only  the  acetyl  groups  is  complexed. 
The  formyl  band  at  1720  cm"'  in  the  free  ligand  shifts  to  somewhat  higher 
frequency  (1741  cm'*),  while  the  1672  cm**  acetyl  band  drops  to  1618  cm**. 
Preferential  coordination  to  the  acetyl  oxygen  was  expected  since  the  oxygen 
electron  density  relative  to  formyl  is  higher  (methyl  inductive  and  hypercon- 
jugative  effects).  In  the  case  of  Co(3,  b-dioxopyrrolizidine^C  lO^)^  (figure  2), 
both  carbonyl  oxygens  are  bound  to  the  metal  as  evidenced  by  the  shifts  of  both 
carbonyl  bands  to  lower  frequency.  The  absence  of  chelate  formation  using 
CuCl^  and  N- cyclohexyl -N -formylacetamide  is  understandable  since  electro¬ 
static  repulsion  between  the  oxygen  atoms  would  disfavor  configuration  A. 
Complexation  of  N-cyclohexyl-N-formyiacetamide  with  Co(C10^)2  gave  a 
product  that  could  not  be  purified  but  whose  infrared  absorption  spectrum  also 
indicated  the  presence  of  unchelated  carbonyl. 

Our  studies  using  two  model  imides  (1  and  II)  appear  to  indicate  that 
when  an  imide  is  fixed  in  conformation  A,  chelate  formation  takes  place 
readily.  However,  when  free  rotation  around  the  C-N  bonds  is  possible  then 
metal  complexation  takes  place  only  at  one  cai'bonyl  and  then  at  the  oxygen 
with  the  highest  electron  density. 

IV.  CONCLUSIONS. 

It  is  concluded  on  the  basis  of  analyzing  the  infrared  absorption 
data  that  when  an  imide  is  fixed  in  a  conformation  represented  by  the  one  for 
3,  5 -dioxopyr rolizidine  then  chelate  formation  takes  place  readily.  However, 
when  free  rotation  around  the  imide  C-N  bonds  is  possible  then  metal 
complexation  takes  place  only  at  one  carbonyl  and  then  at  the  oxygen  with  the 
highest  electron  density. 

*  A  knowledge  of  the  structure  of  this  complex  is  not  necessary  for  the 
purpose  of  this  work.  However,  the  electronic  spectrum  of  the  solid 
indicates  a  planar  or  tetragonal  configuration  about  copper,  Other  copper 
compounds  of  the  stoichiometry  (CuCl^^I-^  a!'e  known,  which  generally 
have  the  structure,  where  each  copper  atom  is  in  a  square  planar 

Cl  Cl  Cl  L 

N  /  \  /  \  / 

Cu  Cu  Cu 

/  \  /  \  /  \ 

L  Cl  Cl  Cl 

configuration  with  a  weak  tetragonal  interaction  because  of  a  chlorine 
atom  from  another  (CuCI-,),L7  monomer  unit  in  the  layers  above  and 
below.  *4,  15  2  3 


Figure  1.  Infrared  Absorption  Spectra  of  (CuC^^N-cyclohexyl- 

N-formylacetaroide)^  ( - )  and  N-cyclohexyl-N- 

formylacetamide  ( _ — ). 


Figure  2 


i 


Infrared  Absorption  Spectra  of  Co(3,  S-dioxopyrrolizidine)^  j 

^^4)'2*  (  — )  and  3,  5-Dioxopyr  rolizidine  ( - ).  i 
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18-  #FON»Of5IN«  MILITARY  Activity 


Detection  and  warning  investigations 


(U)  The  purpose  of  this  investigation  wss  to  study  metal  ion  complexatlon  of 
model  imides.  This  was  accomplished  by  observing  the  effect  of  metal  ion 
complexation  on  the  carbonyl  stretching  frequencies  of  two  imides.  N-cyclohexyl-N- 
formylacetamidu  and  3,  S - dioxopy r roli x idine .  Two  metal  complexes  were  isolated, 

( CuCl^)3(  N-cyclohexyl-N-formylacetamide)^  and  Co(  3,  5-dioxopyrrolizidine)2(  C  lO^J^ 
It  is  concluded  on  the  basis  of  analyzing  the  infrared  absorption  data  that  when  an 
tmidc  is  fixed  in  a  conformation  represented  by  the  one  for  3,  5-dioxopy rrolizidine 
then  chelate  formation  takes  place  readily.  However,  when  free  rotation  around  the 
imidc  C-N  bonds  is  possible  then  metal  complexation  takes  place  only  at  one 
carbonyl  and  then  at  the  oxygen  with  the  highest  electron  density. 
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